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Arctic warming amplification – sea ice – surface energy fluxes
Arctic Cyclones – surface energy fluxes?



Why Bother? Can’t we just use global reanalysis products to validate prediction?
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Question: Can observations from uncrewed surface vehicles (USVs) be used to validate weather forecast?

Challenges of using USV observations: 
- Moving platforms vs. fixed model grids
- Continuous sampling vs. discrete model output
- Geographical and seasonal coverages vs. sparse sampling
- Ice vs. no ice

Advantages of USV observations: In regions without other in situ observations (e.g., Arctic oceans, insight hurricanes)

Sivam et al. (2023)



Moving platforms vs. fixed model grids
Different Interpolation Methods

• nearest neighbor 
• natural neighbor 
• bi-linear linear
• inverse distance weighting 



Ice vs. no ice



Geographical and seasonal coverages vs. sparse sampling

Assumption: The state variables may be 
geographically and seasonally dependent, their 
forecast error are not. 

Zhang et al. (2022)



Latent heat flux



Flux forecast prediction skill and model–observation 
correlations decline around 4-7 days

Pearson correlation coefficients (r) between ensemble mean and observations as a 
function of model lead time. Significant (solid line) and insignificant (transparent) r 
values.* 
*Thresholds for significance are based on the effective sample size (latent: 11, sensible: 15) 
determined by saildrone autocorrelation using a 95% significance level. 

Spread-skill relationship for sensible (top) and latent (bottom) heat 
fluxes using ensemble spread and RMSE normalized by the 

observation standard deviation. 
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Sensible heat flux (PDFs)

Flux forecasts are underdispersed and overconfident
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Extreme flux events (Q
s
 > 2σ) have unreliable forecasts

Reliability diagrams for 6-hour to 5-day lead times for sensible heat flux. Probabilities are 
based on fluxes greater than 2 standard deviations away from the mean.

Binary probability forecast:
• Within 2σ of mean (0)
• Outside of 2σ of mean (1)

Forecast has poor resolution 
and is and unreliable for 
predicting the extremes

Sensible heat flux
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Questions

• How to define ”flux events” for probabilistic forecast validation? 
• How to choose validation metrics that may lead to physically 

meaningful insights?
• How to test the statistical significance of differences validation scores?
• Does it make sense to compare scores for different variables (e.g., 

fluxes, T, q, V)?
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Future Work

• Include more saildrone observations (2017, 2018)
• Include other ensemble forecasts
• Include other validation metrics
• Trace the causes of errors in flux prediction



Continuous sampling of saildrones (every minute) vs. discrete model output (6 hourly) 
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Error growth due to time and space increments

Zhang et al. (2022)
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Examples of ECMWF Ensemble Means

Surface Pressure Surface Relative Humidity

observation

Ensemble mean


